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IHfBODUCTIOB 
A milder of eo^ooods present in plaot oaterials show 
redadug power when tested with copper or ferricyanide re­
agents, fhe aon-sttgars which show reducing power my be class--
ifled as isipurities when we are concerned with sngar deter-
i^natio% and the object of clearing or clarification of plant 
extracts is the removal of such is^orities without affecting 
the sagars present. Host of the ij^urities can he precipi­
tated hy ions of heavy aetals. Since an excess of the heavy 
aetals left in the cleared solution affects the redaction of 
cttpric and ferxdc ions^ the excess must be removed* When lead 
is the heavy i»tal used^ the removal of excess lead is known 
as deleadlng. 
Seutral and basie lead acetates ^re used in clearing 
plant e:£traets for sugar deteralnation before 1380, and since 
then a number of workers have investigated the process. These 
workers agree that clearing is necessary for oost plant mte-
rials« When clearing is found necessaryji it is generally 
agreed tQ>on that basic lead acetate as a clearing agent causes 
a loss of reducing sugars, particularly of fructose, fhe ex­
planations of the cause of the loss are controversial, as 
could be expected, slnoe moat of the workers in the field have 
been store concerned with the practical than with the theo-
retieaX aspects of elearing. 
In oar yeseareh the effects of (l) ao cXeazdng, (2) nea-^ 
traX lead acetate clearing and (3) basic lead acetate clear­
ing were stsdied. Pure glucose and fructose aolations were 
used, as well as alcobolic extracts of plant ^terial with 
and without the addition of known quantities of pure reducing 
sugars and of representatives of the impuxlties, these com­
parisons were made to obtain informtlon on the necesslt;^ of 
clearing* 
Since it was concluded fro» this work that clearing Is 
generally necessaigr, experiaents were carried out to deteraine 
the conditions un^r which reducing su^rs are lost in the 
clearing process# fhe effects on sugar loss of hydrogen ion 
activity and of the tisie between clearing and deleading were 
investi^ted« Further evidence is presented which perolta a 
possible explanation of the cause of the sugar loss when basic 
lead acetate is used as a during agent. In conclusion a 
set hod is outlined for clearing and deleading of plant ex­
tracts for reducing sugar deteriaiiuitlon. 
UflBAXUSS EE?IE« 
the sugar chesdsis have used basic lead aceiate as a 
clearing agent einee early la the latter part of the last cen­
tury • When del«adi&g was foaad necessary, different deleadlng 
agents mre recomended# Plant cheMete and plant phy8iolo<> 
^sts adopted the method with j^difications for clearing of 
plant suj^r extracts around 1390. these groapa of workers use 
essentially the saae laethod today and» since the method was 
introdneed^ they have eontribated a considerable noaber of 
papers dn the subject. 
0111 (9) ejcajsiaed aoltttions of invert sa^r with and 
withont addition of basio lead acetate and found a marked 
change in rotatox^ power when basic lead acetate ms present, 
ftirther introstlgation showed that the fractose fraction of the 
Invert sugar ms c^nged^, whereas the gluc<»3e fraction -ms not 
affected* Sill thought it probable that a soluble^ dextro"* 
rotatoi^ lead-fruetose coj^ound was foraed when basis lead 
acetate is added to a fructose solution* In other experl-
aeots 0111 showed for the first ti^ that deleading was neces* 
sa3C7 after clearing with basic lead acetate* If deleading was 
offlitted, low redttcing sugar values were obtained, an effect 
which he attributed to the reduction of excess lead by a part 
of the sugars when the fixture ims tested with Fehling*s 
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solution. A "strong solatioa of sulphur dioxide" was recoa-
Monded as a deleading agent. 
Idson (5) repeated the experiaents of @ill (9) oaing an 
invert sugar solution, and conHrmed hie conelasion that hasio 
lead aeet&te ehanges the ©peoific rotation of invert sugar. 
When aeetic aeid was added to the cleared solution, however, 
nearly normal rotatox^ power wae restored, and when neutral 
lead aeetate was used instead of basic lead aoetate, no change 
in the rotatoi^ power of an invert sagar solution was observed, 
fherefore neutral lead acetate was reeoaseaded ae a clearing 
agent, 
Bx^an (1) and l*rinsen Seerligs (8) shoved that a lose of 
reducing sugars aoeo^anied the use of basic lead acetate as 
a clearing agent, and that fructose ims lost to a larger esc-
tent than glucose. In a ^re thorough study Watts and feapany 
(23) confirsMd the findinj^ of Qill (9) in showing that add!*-
ti<m of increasing amounts of basic lead acetate to an invert 
sugar solution caused the solution to becoiae increasinglj more 
dextro-rotatoi^. The change in rotatory po*«r was attributed 
to a change in the fructose fraction of the invert sugar. It 
wae also found that addition of acetic aeid could restore the 
rotatory power to noraal. the quantitative relations were 
such that normal rotatory power was obtained with a quantity 
of acetic aeid which would change the applied basic lead ace­
tate to neutral lead acetate, the effect of an excess of 
aeeiie aeid was aoi l&vestii^ted* 
Waits aed fmp&ay raised the qmestioa whether cleariag 
irae at all aeeessary. In their work with oane JIuiee they 
fotmd the differenee in reducing sui^r eoateat between z^ir 
aad 6l<^red julGe to be as saall as 0*0X5 per eeat irhen the 
sugars were deterM.»ed with FehXing's soXutioa. AXthotigh the 
cXeared ^«iioe gave a eoaeisteatXj Xover redoeiag sugar raXae, 
eX^riiig ms not considered necessary, and so m&ch aore so be» 
cause it «as foosd that a saaXX excess of Xead Xeft in the 
cXeared soXation eouXd account for the Xoss, Ko deXe^ding 
agent was asedj^ howeirer, and therefore the "sjmXX excess" of 
Xead aay have been considerabXy higher than the Xead coateat 
of a correepoading deXeaded soXution. Ivea if cXeariag was 
unnecessary in the ease reported» where oaXy one t^pe of pXant 
mteriaX was tested^ it can not be concXuded t^t cX^ring is 
geaeraXSy not aeceasary. 
Parkin (XS) confirmed the resoXts of QriXX (9) and latts 
and (23) that basic Xead acetate changed the rotation 
of a fructose solution to a more dextro-rotatoi^ value, and 
that glucose was not affected* Xn further work with pure 
sugar soXutions l^arkln showed aXso that sucrose was not af­
fected by basic Xead acetate^ and that added tannic acid couXd 
be removed by cXearing with basic Xead acetate* CXearing was 
found necessary for the pXant aateriaX used because oncXeared 
extracts ^ve considerabXy higher reducing sugar raXues with 
soittiion than did eleared extract#. Ifo deleadiag 
agent was ttaually ©apleyod although one ©xperiment was carried 
©at to test the validity of thia procedure* %droges dulfide 
ms ttsed aa a deleading agent aod the ecmeltision was reached 
that it is permissible not to delead la a cois^retiye study 
becatus^e the relatiire amottnts of glaeose, fracto#e aad sacrose 
were feiuad to be approximately the sas^ with and without de<-
leadias* 
Synon (?) fomd aa laerease la precipitated lead whea 
laereaslag qoaatitiee of basic lead acetate was used la clear-
lag suptr soltttioas aad, at the saoe tiae, a decrease la re-
duelag sugar coateat* from these facts it ims coacladed that 
basic lead acetate precipitated redueiag sugars, fhe experl-
jseats vere aot desigaed so that the qt;^atltatlire relatloas be-
tveea precipitated lead aad the loss of redueiag sugars could 
be estabHshedji but they did iadicate such a lo3Si» Oafor-
tuaately oaly little atteatioa has beea paid to this paper. 
fhe loss of redueiag su^x^s whea basic lead acetate was 
used as a cleariag ageat, as reported by these early workers, 
has later beea verified by most of the workers la the field, 
three explaaatloas have beea advanced to accouat for the loss; 
Cl) fhe redueiag sugars are eatralaed la the lead precipitate, 
either duxiag cleariag or durlag deleadlag. (2) Fructose is 
ti^asforoed to glutose la the preseace of basic lead acetate* 
(3) the redueiag sugars react with basic lead acetate to fora 
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i&solftble or aXightly solable lead««sugar eostpoQads which do 
not rodoce copric or ferric ions iR aJialiae solatiois. 
l&irainseiit of reducing su^rs in the insoluble lead 
compoon^ formed dtiriftg clearing is supported by the works of 
Beerr (4) and Pellet (19) who found that nearly the total 
qii^ntitj of supers lost ooold be recovered bF decomposing the 
clearing precipitate with salfuric acid» An aaalogoas en-
traiaaent of redacisg sugars dstriag deleading was also con­
sidered a possible explanation of th© sagar loss. Pellet (20) 
lists the following faotox^ affecting the qtetntity of sagar 
carried downi (1) the qmntit^ aM nature of the ifflpmrities, 
(a) fhe qnantity df basic lead acetate added to a sugar solu­
tion of given concentration. (3) the concentration of the 
sugar solution^ It was found that an increase in the concen'* 
tx^tioa of l^sie lead acetate, or of reducing sugarsj^ or of 
both resulted in an increased loss of reducing sugars, these 
findings support the theory of a reaction between basic lead 
acetate and reducing sugars as the cause of sugar loss as well 
as or bettor than they support the theory of entrainment. 
Beade and Harris (17) worked with su^r cane products 
and obtained satisfactory clearing with neutral lead acetate* 
Bifferent deleading agents were tested, and potasslua oxalate 
was found to give slightly higher reducing sugar values than 
sodium carbonate and sodium sulfate* fhe ionic concentrations 
of the deleaded solutions were not the same, however, and the 
findings of Weintraub aad Price (24)« who in-restigated th® in-
fiuetteo of ioBio concentration© on alkaline oxidation of re-
dacing aagars, can account for the dirferences foond bj Meade 
and Harris, In further inveatigationo these latter workers 
tested phosphoric acid and disodium phosphate as deluding 
agents. Both gave consistent resttlts and renwsred the lead so 
ooapleteX;^ that no additional precipitate coald be obtained 
with hydrogen sulfide. 
If an excess of lead «ms left in a sugar solution, the 
reducing sugar value of this solution was found to be con­
siderably lower than that of a control solution, therefore 
deleading was deeded necessary. Meade and Harris (17, p. 508) 
suggested as a possible explanation that « lead salts of 
reducing sugars are foriaed, which the oxalate breaks up, but 
which are not broken up by the boiling with Fehling's solu­
tion. • « 
Davis ( 3 )  found that no precipitate m.8 formed «hen 5 or 
10 ml* of saturated basic lead acetate isas added to 50 lal* of 
a dilute solution of fructose, and that no loss of fructose 
occurred unless the lead salt «as allowed to act upon the 
sugar for sose length of time. If the basic lead acetate was 
left in the fructose solution for increasing lengths of time, 
increasing a^unts of the sugar disappeared. As the time be­
tween clearing and deleading increased, the solution beeaae in­
creasingly yellow, but still no precipitate could be detected. 
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IsL frtt&tose solatioas which were deieaded with sedioa 
carbonate 23 to 72 hours after cleariag, the redaeiag sogar 
valuee determined with alkaline copper reagent were foand to 
be considerably higher than the corresponding redacing sugar 
values obtained by deteradaation of the rotatory power* From 
these results Savis concluded that fructose was transfoj^aed 
to glutose, a laonosaecharide obtained by de i^tiyn and van 
^enst«d& (2) on heating a 20 per cent solution of fructose 
with aqueous lead I^droxide to 70-100 degrees centigrade, the 
reasons for this conclusion weret (1) basic lead acetate was 
assumed to act upon fructose the same way as lead hydroxide, 
and (2) glutose «sas found to have approxisately half the re­
ducing power of fructose and to be nearly optically inactive., 
fhese facts could account for the differ^t results when fruc­
tose was detersdned by reducing power aad by rotatory power. 
Because of the effect of time between cleariag and de-' 
leading on the loss of fructose, Bavis pointed out the iapor-
tasce of aaking this time interval as short as possible. 
Inglis and fsaag (6) worked with pare reducing sugar 
solutions using basic lead acetate as a clearing agent and 
Afferent deleading agents, fhey obtained varied recoveries, 
particularly of fructose, the loss of fructose varied from 1 
to 35 per cent while the loss of glucose mried froa 1 to 10 
per cent, tannic acid as a deleading agent gave pz^cticalJy 
full recovery# Slsodiuffl acid phosphate was a close second. 
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aad was reeomsteii<ted as a delsading agant beeause: (1) A 
clear selatioii was nearly always obtained, (2) Msodlua 
phosphate gave almost 100 per cent rocorory of the redadag 
sugars, 
fhe loss of reduolag su^rs was explaiaed as bsiag pri­
marily dtt® to eotraiaaeat of ths reducing sugars in the load 
precipitate daring deleading, becaase a much smaller loss was 
obtained whea the precipitate was mshed. Still the loss of 
frtiotose ms higher than that of glucose^ and ao explaaatioa 
was offered to accooat for this selecti're loss* fheir cos-
clmsion also ignores the losses which will occur ia the clear­
ing precipitate whea plant extracts are used inst^d of pare 
sugar solutions, 
Loo^s (14) worked with extracts from a variety of plant 
mterial* Froa a comparison between the weight of the lead 
precii^tate and the loss of the reducing su^rs, it was found 
improbable that co—precipitation alone could account for the 
loss. It was concluded therefoz% that at least part of the 
loss was due to the formation of an insoluble or slightly 
soluble lead oxide-sugar coiapound, The only deleading agent 
tested that would give full recovery of reducing sugars after 
basic clearing ms hydrogen sulfide, 
Loostis (15) recoaaends sodium oxalate as a deleading 
agent because it leaves the deleaded solutions close to neu­
tral and an e:%cess of sodium oaealate had no effect on the re-
IX-
dtteing power of the solution. Ho loss caused by co~precipita-
tioa tms found with neutral lead acetate, even when this com-
pound and sodiua oxalate were applied in excess, 
PuXeston (2X) confirmed the resuXts of previous workers 
that basic Xead acetate as a clesidng agent causes a loss of 
reducing su^rs in aXcohoXic pXant sugar extracts^ espeeiaXXy 
of fructose, the loss could not be controlled by the choice 
of deleadiag agent and it ms concluded that the loss occurred 
during clearing rather than during deXeading. 
Hassid ClO) used neutral Xead acetate as a cXearing agent 
and disodiuM phosphate as a deXeading agent, and pointed out 
that coXorXess soXutions of pXant extracts were nearXy aXways 
obtained when a smXX amount of chareoaX (carboraffin) was 
added after deXeading and the soXutioa fiXtered under suction 
through taXc m a Bueohner funnels When eerie suXfate is used 
in the reducing sugar detejnsination according to Hassid (XX), 
oxalats shouXd be a-roided as a deXeading agent because of its 
apparent oxidation by the eerie ion* 
?on lippaana (X2) deaXt with sugar chesdstry in dstaiX* 
Irtead-^gXaoose compounds are described on pp, 552-553 and were 
called lead gluoosates. According to this author gXttcose is 
not precipitated by basic Xead acetate unless salts (ions) are 
present, and the precipitation is laore cos^Xete in diXute than 
in coneentrated soXutions. SeveraX foratuXas were suggested 
for Xead gXucosates, of which Sottbeyran*s forauXa G^HgPbgO^ 
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Is ifi best agreemefii «lth the lead glaeosate described in this 
thesis (p, 37)* 3:t was further pointed oat that when differ­
ent concentrations of glucose or of basic lead acetate were 
used, different lead glacosates would be foriaed* All lead 
glueosates were said to be insoluble in water, slightly solu­
ble in a solution of lead acetate in water, and precipitable 
froa such solution by the addition of ethyl alcohol* The lead 
glueosates that had been tested could be decomposed by carbon 
dioxide, the sugar being set tree. 
Load fructosates are described on pp» 885-S84. The author 
stated that the lead fructosate ^6^12^6 * SPbCOil)^ is foraed 
upon addition of basic lead acetate to a concentrated solution 
of fructose. In dilute fructose solutions another fructosate 
of unlcBOwn composition (or several others?) is formed# The 
lead that has reacted with fructose can not be recovered bj 
addition of an excess of sodium carbonate or sodium sulfate* 
If neutral lead acetate is used instead of basic lead acetate, 
the lead can be recovered with sodium sulfate. 
Vogel and Seorg (22) list the sugars and their deriva­
tives in tabular fora, giving the physical and che^cal pro­
perties of each coiapound as well as references from which the 
data were coapiled. Lloyd-Evans (13) gives a ooaprehensive 
review of the research on the alkaline oxidation of sugars. 
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MATIEIALS km METHODS 
Uaterials 
Basle lead aeetatet Lead acetate^ basic reagent, Geaoral 
€ih«ffiioal Qo»f ced« no. M 1323* 
Cerlo sulfat«t Geritm sulfate, Fisher 
Scientific Co., code no» C 258 and aahydrottS-OeCfiSQ. , 
# 4 
&« Fredexlck Smith CheM.eal Co. 
&ipotassium phosphatet Reagent* 
Fructoses LetMilose, cryst., Fordoaes trading Co. 
Crlttooset Dextroee, anhydrous» Pfaastiehl Cheaieal Co. 
Heatral lead acetatei Eeagent, 
Fhenylhydrasine: Phenylhydrazine,, Sastaan Kodak Co., code 
no, 329. 
Fhenylhydrasihe hydrochlorides Prepared according to Looiais 
and Shall (l'6). 
Plant extracts* 80 per cent alcoholic eattracts of corn leavea 
and sheaths, and of compoalte plant material were pre­
pared according to Looais and Shall (16). 
Potassium acid phthalatet Reagent Ccryst.), General Chei^cal 
Oo», code no. 2063. 
Potassitta ferricyanidei Reagent. 
Qttercetini Qaercetln, Bastman Kodak ©&., code no, 1635. 
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Set&paline St Setopaline C (indicator), Eimor and Aflieod, 
Sodioat carbonate! Beagent. 
tannic acids Acid Tannic Merck {0*S»P, powder). 
Methods 
Clearing and deleading plant extractsj 
(1) 200 ffil, of alcoholic plant extract was evaporated 
down to 5-10 ail, in a 400 al, beaker on a boiling 
water bath, 
(2) the residue was broken up with a rubber policeman 
and dissolTed in 50 al* of wara water, 
(3) After cooling, 2 or 3 al. of satu:^ted lead acetate 
was added« 
(4) ^he solution was then filtered into a 250 al» volu­
metric flask containing 10 of dipotassiua phos­
phate solution, concentration 125,0 grams per liter, 
the preeipitate washed and the solution }:iade to 
voluae, 
(5) After the lead phosphate precipitate had settled, 
5 ml. of the solution was pipetted from the top of 
the flask, and the quantity of reducing sugara deter­
mined by the method described by Bassid (11)» 01-
potassium phosphate vas chosen as the deleading agent 
because of the low solubility product of lead phos­
phate, and was used in solution to facilitate the 
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addition of the sam® quantity to all saaples aad to 
obtaia a rapid deleading* 
Cieariag a»d deleadiag ptire sugar aolutioas* 
(1) 2(X> al. of distilled water was raa iato a 250 ol, 
Tolttmetric flask. 
(2) 20 Mi» of sugar solation, cooceiitratioti 5.000 grass 
per liter, ims added, 
(3) 3 »1« oif saturated lead acetate aas added. 
(4} fhe soltttioa was deleaded with 10 ml* of dipotassium 
phosphate solution, concefitration 125 grams per liter, 
and made to volome* 
( 5 )  5 al« samples for reducing sugar deteradnatioas were 
pipetted froffl the top of the flask after the lead 
phosphate precipitate had settled* 
fhe cleared solutions were adjusted to the desired pH 
value with sodium hydroxide when the effect of hydrogen ion 
activity on the recovery of reducing sugars was studied. 
Seducing sugar deterisinations 
fhe eerie sulj^te method described by Hassid (11) was 
used, fhis method was chosen in preference to th® Munson-
lalker-Bortrand method because: (l) the eerie sulfate iwsthod 
was less tiae-eonsutaing. (2) titration with eerie sulfate, 
using Setopaline Q as an indicator, gave a more distinct end-
point than the corresponding titration with potassium peraan-
ganate. (3) the bottom meniscus could easily be read when 
16* 
titrafciag with ceric sulfate. (4) eerie sulfate ia stable in 
coneentratioas of 0.01 K or greater, 
pR determinationt 
fhe pH ^laes were aeasured with a Leeds and Horthrup 
pB-aeter no. 7663* Standard buffer, pH 3.97# was prepared by 
diluting 0.2 H potassium acid phthalate solution with dis­
tilled water 1j3* 
Fhoaphorotts det ermination * 
Cl) 50 al. of the cleared and deleaded soluticm were 
pipetted into a 250 ml* Erlenaeyer flask. 
(2) Phosphorous ims determined as mgnesium pyrophosphate 
by the method described by Willard and Diehl {25) p. 
204avoiding the molybdenum reactions. 
&eter£3ination of lead in lead-sugar compoandss 
Lead was determined graviaetrically as lead sulfate, 
?he lead sugar compounds were decomposed with c<»tcentrated 
sulfuric acid, and the sulfuric acid evaporated off en a sand 
bath at 300-»310 degrees centigrade, the residue was treated 
with sulfuric acid and the evaporation repeated. Finally the 
crucibles containing the lead sulfate were heated in a bunsen 
flame until constant weight was obtained. 
Osazone formationi 
(1) 2 g. of phenylhydraaine hydrochloride and 3 g. of 
sodiua acetate were thoroughly stixed in a aortar. 
(2) Approxiaately 0.5 g» of the mixture was added to each 
17 
test tab© containing approximately 0,1 g, of lead-
sugar coiBjpound in 5 al« of water, 
(3) test tabea were heated on a boiling water bath 
for 10 «ln, 
(4) cont^t of each teat tabc was filtered through a 
d^ filter into a clean^ dry test tube. 
(5) ^he test tabes were heated on a boiling water bath 
for 1 hour and oooled alowly, 
fhe crystals were exaiained under the laieroecope and photoaicro-
gpaphs were t alee a. 
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fHS CLMHIMG AND BELMDIMG OF PLA»T ESfBACfS 
the Seeessity of Clea^ag 
fwo reasons for olearing plant sugar extracts present 
themselves: (a) The remotral of interfering impurities by 
clearing, and (b) the more oonTenient handling of cleared ex­
tracts, especially in the filtering process* 
tannins, flavonea and plant pigiseats are typical impuri­
ties present in isost plant material, fhese eoapounds reduce 
both ferric and cupric ions in alkaline solution and the pre­
sence of any one of them necessitates its removal before re­
liable reducing sugar determinations can be aiade. fhe errors 
possible from the inclusion of naturally occurring or added 
noa**sttgar reducing substances are shown in tables 1, 2 and 3* 
Sach of the figures in these three tables Kras calculated from 
the mean of four replicates which cheeked within 0,10 ml. in 
the titration with eerie sulfate. With the concentrations of 
eerie sulfate used, 2.60 ml. of eerie sulfate was equivalent 
to 1,00 ag. of glucose for the results reported in tables 1 
and 2, while the corresponding figure for the data in table 3 
was 2.90 ml, of eerie sulfate, these figures fix the standard 
error of estimate in the tables at 1 per cent or less. 
Pure solutions of glucose and fructose with and without 
the addition of tannic acid wejre used (table 1) and the effects 
19-
7abi« !• Effect of clearing with oeatral lead acetate 
on pure solutions of glucose and frttetose, 
and on these eolutloas when tannic acid was 
added to make the solutions 0.02 per eent tan­
nic acid. 
Hot cleared Cleared 
Saaple Mg. as Percentage Mg, as Percentage 
glucose recoyery glucose r^corery 
Glacoae 2.00 100 2.00 100 
Fructose 1.9S 99 1«97 9S»5 
Glatcose 2,12 106 2.01 100.5 
tann. acid 
Fructos® 2.09 104«5 1.9S 99 
plus 
tana, acid 
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on redttciag aagar deterxainationa of no clearing and of clear­
ing with neutral lead acetate were compared, Dipotasslaa 
plioaphate was fehte deleading agent. 
From the data in table 1 it laay be ctmclttdeds 
(1) fannic acid showed redaciag power and aay therefore be 
classified as an impurity in rcdueing sugar detersina-
tioas. 
(2) fhe effect of the tannic acid was aliisdnated by clearing 
with neutral lead acetate followed by deleading with di-
potassium phosphate. 
(3) Fractese showed a slightly lower reducing power than glu­
cose when calculated as glucose, 
the results presented in table 2 were obtained by adding 
known quantities of tannic acid, glucose and fructose to 
allquote of 80 per cent alcoholic extract of corn leases be­
fore clearing. Coaparisons were made of the effects on the 
recotfejE^ of reducing sugars ofJ (a) no clearing, (b) neutral 
lead acetate clearing with dipotassium phosphate deleading, 
and (c) basic lead acetate clearing with dipotassiuia phosphate 
deleading, fhe results of an analogous set of experiments are 
reported in table 3. Mghty per cent alcoholic extract of 
composite plaat material v&s used instead of corn leaf ex­
tract, and qaercetin was chosen as a representatiTe of the im­
purities instead of tannic acid* Both tannic acid and quer-
cetin are considered valid representatives of the interfering 
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fable 2» Effect of clearing with neutral and basic lead ace­
tate 0® alcoholic extract of corn leaves and upon 
extract plae known quantities of glaeose, fructose 
and tannic acid added before clearing* 
fhe sugars were added to give 0»50 ag, per aample to 
be deteriainedj tannic acid to stake the solution 0.03 
per cent tannic acid. 
ami 
Sample 
So clearing S'-lead clearing B-lead clearing 
rnrni'mmmmmmmmmmmmmmmlmimmmmm 
Mg. as Per cent Mg. as Per cent Mg. aa Per cent 
glucoae recoyery glacoae reeevea^ glucose recovery 
Pare 
extract 
Ixtract 
plus 
tann. ae. 
Extraet 
pins 
glucose 
Ixtraet 
plus glu­
cose and 
tann. ac, 
Sxtract 
plus 
fructose 
Extract 
plus fruc­
tose and 
tann. ae. 
1.S7 
2.36 
2.56 
2.31 
2.51 
110.5* 1.69 
2.07 123.5 
9a. 0 
98.0 
88.0 
88,0 
1.70 
2.17 
2.17 
2.13 
2.14 
100.0 
100.5 
96.0 
94.0 
88.0 
88.0 
1.38 
1.38 
1.88 
1.88 
1.66 
1.66 
81.5 
81.5 
100.0 
100.0 
56.0 
56.0 
* Based ea neutral clearing as 100 per cent. 
All percentages below this point are recoveries of added sugars. 
Because of the smaller base, 0.5 ag. instead of 1.7» differ­
ences of more than 8 per cent are required for significance. 
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fable 5, Iffeet of clearing with neatral and basic lead ace­
tates alcoholic extracts of coaposite plant mte-
rial aad apoa extracts of the same plant aiaterial to 
which had been added known quantities of glucose, 
frucioae and quercetin before clearing. 
the sugars were added to gitre 0,50 mg, z*educiag sugar 
per sa^le to be deterisinedj quercetin to laake the 
solution 0,05 pes' cent quercetin. 
clearing g~lead clearing B^lead clearing 
Sample Mg^ as Per cent Mg, as Per cent Hg» as Per cent 
glucose recovery glucose recovery glucose recovery 
Pure 
extract 
2,68 115.0* 2.33 
Extract 3 #01 
plaa 
quercetin 
Ixtract 3,17 
plus 
glucose 
Extract 3*50 
plus gltt-
eoee and 
quercetin 
Extract 3,X5 
plus 
fructose 
Bxtract 3.48 
plus fruc­
tose and 
quercetin 
129.0 
9S,0' 
98.0 
96.0 
96,0 
2.35 
2.84 
2,34 
2,82 
2.81 
100.0 
101.0 
98«0 
9S.O 
98,0 
96,0 
1.9s 
1.98 
2.47 
2.48 
2.27 
2.26 
85.5 
85.0 
98,0 
100.0 
58,0 
56.0 
* Based en neutral clearing as 100 par cent. 
All percentages below this point are recoveries of added sugars, 
Because of the smaller base^ 0,5 £tg. instead of 2,3, differ­
ences of more than 8 per cent are required for sig^ficance. 
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ia|»ariii68 Itoeause they occur natarally In plants^ they show 
redaeiag power and they contaia the fajsctioaal groaps of 
nataraHy occurring tannine aad flavonCel)» respectively. 
from the data reported in tables 2 and 3 it may be cea-
elttded thats 
(1) fhe itncleared solutions showed a markedly higher reducing 
value than the cleared solationa, with basic lead lower­
ing the reducing value of the extract twice as much as 
neutral lead» fhe plant extract used was known to be high 
in fructose. 
(2) fannic acid and quercetin showed reducing power. 
(3) the reducing power dae to tannic acid and to quercetin was 
elisdnated by clearing with either neutral or baaic lead 
acetate^ with the neutral lead being fully as effective as 
the basic. 
(4) ihea neutral lead acetate was used as a clearing agent^ 
the added quantities of glucose and fructose were fully 
recovered* 
(5) When basic lead acetate was the cleajdng agent, the added 
glucose was recovered while approximately 40 per cent of 
the added fructose was lost. 
It appears necessary to clear plant extracts for sugar de-
tersiination whenever impurities of the type tested are present. 
Seutral lead acetate was found to be an effective clearing 
agent. 
Ifl addition to the removal of reducing impurities, clear-
iog facilitates the handling of the plant sa^r extracts dur­
ing the su^r deteraination* Proteiaaceoas material and eub-
stances like gums are precipitated by the lead and not allowed 
to precipitate during the alkaline oxldati<»i of the redtteing 
sa^rs, in which case the filtering in the Maason-lfalker or 
similar methods is greatly retarded and a turbid solution is 
obtained with iodometric or eerie sulfate methods. 
Plant pigments must be reduced to a lo9 value in solu­
tions to be tested for reducing sa^ra by the eerie sulfate 
or iodometric methode* Mormall^ an excesa of nentral lead 
gives satisfactoi^ clearing. Where it does not, as in pre­
paring solutions for measttrements of specific rotation, Hassid 
(10) recommended j^ltering through finely ground cfe^reoal 
after clearing with neutral lead acetate and deleading. 
tcma tit Eeducing Sugars in the Clearing Process 
the data of tables 2 and 3 corroborate the finings of 
Bryan (l), Prinsea QeerUgs <e)> lK>omis (14)# Pules ton (21) 
and others in showing losses of reducing power with basic 
lead clearing beyond that obtained ®ith neutral clearing, 
fhe neutral clearing used in oar experiments was sufficient 
to remove all of the considerable quantities of materials 
specifically added as imparities# and basic clearing was of 
no advantage. Seither neutral nor basic lead clearing will 
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reaove all types of reducing impurities, and, it is not possi­
ble, with the iftforjsation available, to deteraine trhether 
basic lead was more effective in rejsoving all of the impuri­
ties in tb© control extracts used here* The two coi^ounds 
added here are representatives of the most iaportant classes 
of ispnrities, however, and thus this work sttbstantiatea the 
experiments of looais (14) who foond no gain in purification 
©f plant extracts from the use of basic lead. 
fhe ^ta on the loss of added fructose, in contrast, are 
clear cut and higbly significant for all basic lead clearings, 
the quazi^ities of lead used were moderate and the deleading 
procedure mas that recoomended by Snglis and Tsang (6) for 
best recovei^ ©f sugars from basic lead clearing* the can-
elusion seeias inescapable that basic lead clearing is not safe 
for plant extracts containing fructose* fhe differences be­
tween ottr results and those of Snglia and Tsang (6) are on-
doabtedljr attributable to the action of the aaturallj occur­
ring ii^arities which were absent in their experiaents, 
fh® S8 per cent recoveries of added fructose shown in 
table 2 show significant difference at the 5 P^r cent level, 
and smy represent unknown reactions between natural iispuri-
ties and fractose* The losses represented, however, are only 
0.0^ ag« and could have been due to chance* 
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Bffects of Hydrogen Ion Activity and TIbo 
in Contact with Load on the Loss of Seducing Sugars 
Since it was found that loss of reducing sugars occurred 
during the clearing with basic lead acetate^ exjperiittents were 
carried out to study the loss of reducing sugars as a function 
of the hydrogen ion concentration of the solutions after the 
lead acetate had been added* Four pB iralues vere selected for 
this purpose! 
Cl) pH 5«0«0«05 was chosen as an acid solution, and was ob'-
tained by adding neutral lead acetate to a reducing sugar 
solution and adjusting to pH 5,0 with 0,2 S acetic acid, 
(2) pa 6,0i0,05 was the pH of our solutions when cleared with 
neutral lead acetate* Ho adjustment was necessai^* 
(3) pH 8»0^0*05 corresponds to the pH of a solution cleared 
with basic lead acetate^ and was obtained either by adding 
basic lead acetate to the reducing sugar solution or by 
adding neutral lead acetate followed by adjustment to pH 
with aam^Milua hydroxide or sodius hydrcHclde* The re­
sults were not affected by the way in which the pS was ob­
tained. 
(4) pH 10*O^«1O was chosen as an extremely alkaline solution^ 
and was obtained by adding neutral lead acetate and ad-
Justing to pH 10»0 with amaoniua or soditm hydroxide. 
Solutions of glucose and fructose were studied separately, 
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both beiag of eoneentration 0,400010,0002 g, p&r liter, an4 
3 si, of saturated neutral (or basic) lead acetate being 
added per 250 jal, of cleared sugar solation, 
I>avia (3) reported that the loas of reducing sugars from 
eolations cleared with basic lead acetate increased with in-
creasing tiae interrals between clearing and deleading* to 
obtain more inforiaation on this point, especially with respect 
to the rate of the postulated reaction between basic lead ace­
tate and redacing stx^rs, the loss of reducing stigars was 
stadied as a function of the tifite between adding and removing 
lead at each of the four pH values, 5»0, 6.0, 8,0 and 10,0, 
fhe reaolts are presented in table 4 and figures 1 to 3* 
All figures are calculated froa the mean of fonr replicates 
which checked within 0,10 al, in the eerie sulfate titx^tion, 
2,60 ml, of eerie sulfate were eqaivalent to 1,00 ag, of glu­
cose, and each sample contained 2,00 ag. of glucose or frao-
tose at the start of the experiaent. 
It m.y be concluded that* 
(1) Glacose was alaost completely recovered even after 24 hoars 
between treating and deleading with pB*8 up to 3,0, 
(2) Ctlucese was lost rapidly at pH 10,0, 
(3) Frttctose was alaost completely recovered only after iaae-
diate deleading with pH*s up to 0,O« 
(4) Fructose was lost in increasing aaoonts with increasing 
tiae intervals between treating and deleading at all pH 
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t&hle 4» fke «ffeet of hydrogen ioa activity acd time on 
the recoTdry of reducing suptrs when Xe&d aeet&te 
was added. Recoveries are given la per cent. 
M 
fiae ihrsm) 
before 
deleadlag 
5»0 4.0 a .0 10.0 
61a-
ooae 
Fruc­
tose 
Sl«-
eose 
frne-
tose 
Sla-
cose 
Prac-
tose 
Qlu-
cose 
Fruc­
tose 
0 100 99.5 100 99.0 99.5 98.0 9^.5 85.5 
X 99.5 98.5 99.5 97.5 99.5 95.0 ^.5 79.0 
k 99.5 97.5 99.5 95.5 99.5 92.0 74.0 67.5 
9 99.0 96.5 99.0 94.0 99.0 88.5 62.5 55.0 
24 99.0 95.5 99.0 93.0 98.5 S3.0 46.5 37.5 
100, 
Hours 
SO 
oO 
Glucose 
Fructose 
Fig. 1, Effect of hydrogen ion activity on recovery of reducing sugars with different time 
intervals (0-24 hours) before deleading. 
Glucose, n-lead 
i 
\ 
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, \ 
V 
Glucose, b-lead 
>* u <s> 
> 
o o 0) h 
•p 
a Q> O 
U <D 
Oh 
-o^ 
Fruct ose , n-lead 
O 
Fructose, b-lead 
Time in hours 
Fig. 2.  Per cent recovery of glucose and fructose from solutions containing neutral and 
basic lead acetate,  and deleaded with dipotassium phosphate after different time 
intervals.  
I 
100 
Glucose 
Fructose 
Time in hours 
Fig. 3« Effect of time before deleading on recovery of reducing sugars at pH 10.0.  
vaiaea, the loss increasing with increasing pS, 
(5) Slticose an4 fructose were lost at approxiaateiy the sa^ 
rate at pfi 10.0, bat the glacose loss showed an initial 
lagj,»-
(6) the rate of the 2i>ss of frttctoae at all pH valaes and the 
rate of the losa of glucose at pH i0«0 showed a gradttal 
decrease with increasing time, while the loss increased 
with tiae, indicating that a cheiaieal reaction was in-
Tolved. 
fhms it seems very probable that the losa of reducing sagars 
occurs during clearing and is caused by a reaction between 
load acetate and reducing sugars, aiainly fructoae. It should 
he added that no precipitate was formed in any of the solu­
tions^ even when left for 24 hours before deleading. There­
fore further information was sought with respect to the form-
tioa of lead-su^r compounds during clearing. 
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LEAD-SOGAR COMPOON0S 
Formation of toad-sugar Compounds Paring Cl.«^ring 
E^sod &n the hypothesis that lead-sagar eoii^ands are 
for»9d when basic lead acetate is added to a dilate solation 
of redaeing s&gars^ an attempt was made to obtain isforaation 
on this point from indirect evidence. Hentral lead acetate 
was added qaantitatitrely to dilate reducing sugar eolations 
and tli® pS value of the solutions adjusted to 10,0. After 
gliren time intertrals an excess of dipotassium phosphate was 
added quantitatively and reducing sugars and phosphorous were 
determined* 
Xf the basic lead acetate did not react with the sugars 
the phosphorous content of the deleaded solutions should be 
cimstant, but if the basic lead acetate reacted with the 
sugars to fom compounds which can not be decomposed by di— 
potassium phosphate, the phosphorous content of the deleaded 
solutions should increase as the loss df reducing sugars in­
creased with time* 
the results are presented in table 5* ^he phosphorous 
content was found to increase with increasing loss of reducing 
sugars* The lead eorrespondiag to the increase in phosphorous 
ccmtent »as calculated, assusing that lead is precipitated as 
Tabl® 5. Loss of redttcing sugars aft<J cerr0aponding increase in phosphorotis 
content in solutions of glacoa© and fructose treated with lead ace­
tate at pB»10 and deleaded with (SjlpotasaioA acid phosphate. All 
figures are calculated per 50 ml# eolation} each figure from three 
replicates. 
MPoatn 
fime (hra.) Per cent Pb in the 
between Loss of reducing Increase in P- Pb not accounted postulated lead-
treating sugars (mg.) content (mg,) for (mg.) sugar coapounds 
and """""" "• ^ '• • • '• • • • '• 
deleading Olucose Fructose Olucose Fructose Qlucose Fructose Glucose Fructose 
0 0.2 2.7 0,0 0.6 0.0 6,0 69.ll0,9 
1 2,1 4.0 0.5 0,9 5.0 9.0 70,4l0,9 69.310,7 
4 4.9 6,0 1.1 1.4 11, 0 14.0 69.210,3 70.110.2 
9 7.0 8.5 1.6 2,0 16.0 20,0 69.610,4 70,210.3 
24 10.2 12.3 2.3 2.9 23.0 29.0 69.310.2 70,310.3 
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Pb-jiPOj^)^ bj tabulated as "Pb not aeco^itated for". 
Finally, tfa« lead content of the poatolatsd lead-sttgar com­
pounds was o&loulated from the corresponding figures in the 
two colttaast ^Loss of redaqing sugars" and ®fb not accoonted 
for* • 
Fr^ the <i^ta in table 5 it be concluded thatt 
(1) fh© loss of reducing sugars increased with increasing tiae 
inter'vals between treating and deleading, in agreement with 
the corresptrnding data in table 4* 
(2) The phosphorous content of the deleaded solutions increased 
as the loss of reducing sugars increased with tiae, indi­
cating that the basic lead acetate had reacted with the 
redttciag sugars# 
(3) the relatively high standard errors for the two shortest 
tiae intervals between clearing and doleading were pro­
bably caused by the difficulty in weighing the saall quan­
tities introlved, 
(4) There is probably no significant difference between the 
l«^d contents of the postulated lead-glucose cos^pound and 
the lead fructose coapound* 
( 5 )  I'be lead content of the lead-sugar cosjpounds indicates 
that 1 mole of reducing sugar reacted with 2 moles of 
lead. 
thus it seeos very probable that basic lead acetate re­
acts with reducing sugars during clearing to for® lead-sugar 
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eompoands which d© not redttce eupric or ferric ions in alfca-
lin® solatioa. 
Synthesis of X<ead-glacose Compoonds and 
I«ead-fractos® Coapouads Under Clearing Conditions 
following iron Idppmann (12), who stated that load-
glacosates and lead-fractosates were formed when basic le&d 
acetate was added to dilute reducing sugar solutions, that 
the lead-sugar eompounde were slightly soluble in an exeeas 
lead acetate, and that the lead-^ugar eoapounda could be pre­
cipitated from aueh solution by the addition of ethyl alcohol, 
six reaction flasks vere sat up* Each flask contained 2 
liters of a dilute glucose or fructose solution, concentra­
tions being 0*500 g. per liter, 0.250 g, per liter and 0,125 
g, per liter. Thirty al* of saturated neutral lead acetate 
ms added to each Z liters of sugar aolution and the pK value 
adjusted to pK 10*0^»10« After 24 hours 2 liters of 95 per 
cent ethyl alcohol was added to each flask» A yellowish 
white precipitate was formed. After thorough washing with 
warm water the precipitate ims dried in a desiccator orer 
calciuia chloride. 
The six flasks were numbered as followss 
•1S» containing 0.125 g, of glucose per liter 
"36* containing 0,250 g. of glucose per liter 
"52" containing 0.500 g. of glucose per liter 
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"2?" containing 0,125 g» of fructose per liter 
"4?" ooataining 0,250 g. of fructose per liter 
^6F** containing 0.500 g» of fructose per liter 
Beterainatlon of Lead Content of the Lead-glucose 
and the Lead-fructose Compounds 
the lead contents were determined according to the out-
line OS p* 16, and the results are gi?©n in tables 6 and ?, 
It m&y be concluded tl^tf 
(1) there was a saall but significant difference between the 
lead content of the lead-glucose compounds and that of 
the le&d-fractose compounds. 
(2) fhe lead contents of the lead-glucose compounds showed 
no significant difference, indicating that the sase lead-
glucose eoiapound was foraed at the three concentrations* 
(3) %e conclusions of (2) apply to the lead-fructose com­
pounds as well, 
(4) the lead contents of the synthesized lead-sugar eompounds 
were in close agroement with the lead contents calculated 
from indirect data presented in table indicating that 
lead-sugar cofflpounds of these lead contents are formed 
during clearing, and verifying the finding that 2 Aoles 
of lead reacts with 1 «ole of redu«dng sugar during clear­
ing* 
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fable Lead content ot lead-gluoose compotind. 
Lead'-glueose 
eompouad 
fyoa flAsk 
Per ceat 
lead 
Fidtteial itaits 
of per cent lead 
at 5% level 
la 
56 
5& 
68.5-0.1 
68.3^0.3 
68,5^.1 
68.2-68.8 
67.5-69.1 
68.2-68.8 
fable 7. ^ead coatent of lead-fruetose coapoand. 
L^ad-frttotose Fiducial Hjaita 
cojapound cent of pep cent lead 
from flaek lead at 3% level 
2F 70.3^0,1 70.0-70.6 
4F 70.4i0.2 69.9-70.9 
6f 70.6i0.4 69.6-71.6 
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Ppoporiiea of the Lead-glucose Compoond 
and the Lead-fructose Gospoond 
Both the lead-gluoose compotmd and the load-fructose 
compound showed the same properties as far as they were 
tested* 
Appearance* the washed and dried precipitate was a white 
to yellowish white asiorphous powder, the fructose eoffipound 
being slightly aore yellow than the glucose coapound* 
Solubility I fhe precipitate was Insoluble in cold and 
hot mter and bases» and in organic solvents, slightly solu­
ble in dilute acids and decomposed in strong acids* 
fteducing power* fhe precipitate had ao reducing power 
when tested with alkaline copper or ferH.cyanide reagent^ and 
only a Tery slight reducing power was shown upon treatment 
with dilute acids. 
Osasone foraationi Glucoeasones were formed in abundance 
when the lead-sugar compounds were treated with phenyll^dra-
zine hydroehloride as outlined on p» 16. Photomicrographs of 
the glucosasones formed by lead-sugar compouadB "5Q" and 
are presented in figures 4 and 5» fhese two were chosen ar­
bitrarily since all six lead sugar compounds ^ve the saae 
glucosassone. 
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Fig. 4* Glucosazone crystals from the 
synthesized lead-glucose coiar-
pound ("50")» 
- M 
Pie 5. Glucosazone crystals froa the 
synthesized lead-fructose com­
pound ("6?"). 
0ISCUSSIOH 
ilcohoXie plant extracts prepared for sagar deteralBatiofi 
contalti a number of coapoands which interfere with the re-
dueing sugar determinations in various ways* One group of 
compounds sho« reducing power* Xannio acid and quereetin 
were chosen as representatives of this group for the experi-
aents reported in tables 1, 2 and 3» Berivativss of these 
compounds are naturally occurring impurities in aost plant 
oaterialj^ and on the basis of the results obtained, it seeas 
evident that these compounds mast be resoved before reliable 
reducing sugar determinations can be made. A second group of 
coffipounds, aon-redttciag pigments, were found to obscure the end 
point of titration when eerie sulfate or iodometric methods 
were used for reducing sugar determination, and gvmai^ &ate~ 
rials clogged the filters when the Hanson-Walker method was 
used* These findings indicate strongly that clearing is gen­
erally necessary, and even if it can be shown that clearing 
is not necessary for a certain plant material, it is usually 
easier t© clear than to establish the lack of necessity for 
clearing. 
Our results agree with those of nuaerous earlier iforkers 
in showing a loss of fructose froa alkaline solutions treated 
with lead acetates* four explanations of this loss have been 
offered by wrioaa workers i 
(1) the Xos8 is caused by ooolasion of &n.g&T molecalee in the 
hea\ry lead precipitate during clearing. Deerr (4)} Pel­
let (19). 
(2) the loss is caused b^ occlttsion during deleading« Inglie 
and fsang (6)« 
(3) The loss is caused by a transforation of fructose into 
gltttose. Davis (3). 
(4) fhe loss is caused by the formtion of an insoluble or 
slightly soluble lead~sagar compound, i^non (7)} Loojais 
(14). 
The first explanation, which is based on the fact that a 
significant increase in recovery was obtained when the pre­
cipitate was decomposed with dilute sulfuric acid, can account 
for neither the selective loss of fructose nor the fact that 
basic lead acetate causes a loss while neutral lead acetate 
does not« When an increase in recovery was obtained by a sul­
furic acid treatment of the pjrecipitatey it seeas probiible 
that this result tras due to a decoi^osition of a lead sugar 
compound forced by a reaction between basic lead acetate and 
the reducing sugars* If this is the case the selective loss 
of fructose can be explained on the basis of the different 
functional groups of fructose and glucose, and the fact that 
no loss is found with neutral lead a estate as a clearing agent, 
can be accounted for since glucose and fructose are laore re­
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active in alkaline than in neutral solution (13) • 
the second explanation was advanced because it was found 
that washing the precipitate after deleading pure sugar solu­
tions reduced clearing losses (6)« Puleston (21) repeated 
the Englis and Tsang experiiaents and found, as they did, that 
the substitution of phosphate for oxalate as a deleading 
agent prevented the loss of sugars when lead was added to 
pure sugar solutions. When plant extracts or plant extracts 
plus pure sugstrs were used, however, the phosphate deleading 
ms no better than the oblate, the sugars were appairently 
lost in the clearing precipitate, and could not be recovered 
without losing the benefits of clearing* Beutral lead avoided 
all diffieaity. 
Snglis and tsang (6) also used tannic acid as a deleading 
agent and obtained better recovery of reducing sugars than 
with a number of conventional deleading compounds, fannic 
acid has a reducing power (tables 1 and 2) and if basic lead 
acetate reacted with the reducing sugars, soae tannic acid 
would be left in the deleaded solution since the tannic acid 
m,B added quantitatively to precipitate the basic lead ace­
tate originally added, thus the reducing power of the tannic 
acid which was left in the deleaded solution replaced the re­
ducing power lost in the reaction between basic lead acetate 
and the reducing sugars. 
the third explanation is based on the facts that no pre-
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cipitatioji was observed when basie lead acetate was added to 
a dilate fractose solution, and that the lalxtore turned yellow 
txpon standing while fructose disappeared. David (3) deterained 
the loss of fructose, both by means of the rotatoi^ power and 
by aeana of the reducing power of the solution, and found that 
the loss as determined by the reducing power was considerably 
less than the loss as detenained by the rotatory power. Ac­
cording to IMvis these findings agreed with de Bruyn and ran 
Ikenstein^s description (2) of the conversion of fructose to 
glutose. this conclusion seems questionable, however, because 
l>avis used solutions of fructose far more dilute than those 
used de Bruya and van Skenstein. 
When the descriptloii,by von Lippaann (12) of the fonaa-
tion of lead fruetosates upon addition of basic lead acetate 
to a dilute solution of fructose is considered it is seen 
that the qualitative observations aade by Davis agree closely 
with this description. Furthermore, fogel and Oeorg (22) 
give the properties of the lead fruetosates described by von 
htppmna and state that these compounds do not reduce cupric 
ions when boiled with Fehling's solution, are slightly soluble 
in an excess of lead acetate and show dextro-rotation in such 
solution, these facts can account for Bavis* quantitative 
observations if it is assuxied that lead fruetosates are fori&ed 
when basic lead acetate is added to a dilute fructose solu­
tion* 
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fhtts it appears that the experimental resalts upon iihich 
the first three explanations are based, do not contradict the 
fourth explanation offered, and that it is probable that the 
loss of reducing sti^ra is caused by a reaction between basic 
lead acetate and reducing sugars. 
In our own research the data of table 4 and figures 2 and 
3 are particularly pertinent. Pare sugar solutions were used 
and uniform deluding vith the phosphate agent recommended by 
Englis and fsang (6) to prevent the loss of sugars with basic 
lead. Fructose in figure 2 and both fructose and glucose in 
figure 3 show the decreasing rates of loss with time char­
acteristic of jaass action effects in cheiaieal reactions, 
Onder the conditions of these experiments, at least, there 
seems little doubt that lead~sugar compounds of fructose were 
formed at pH 8 and of both fructose and glucose at pH 10* 
Since the rate of formation of the compounds is slow, the use 
of minimum quantities of basic lead combined with rapid delead-
ing would be expected to give the small losses characteristic 
of clearing. 
If, as seems highly probable, lead-sugar or lead-fructose 
co^ounds are formed during clearing with basic lead, the 
properties of these compounds become important in the inter­
pretation of clearing losses, the lead-sugar compounds do not 
reduce cupric or ferric ions in alkaline solution and they con­
tain approximately 70 per cent lead, i»e, 2 moles of lead per 
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aole of moaosaccharido. Lead-augar compounds wer© synthesized 
(?• 33) ttnder conditions closely approxijaatiug those of usaal 
clearing with basic lead acetate, their lead contents sere 
approximately 70 per cent, the lead-glocose compound being 
slightly lower (tables 6 and ?)• ^hese coapounds were shown 
to be lead-sagar coi^ouada by the fact that they contained 
uniform percentages of lead and formed glucosaaones upon treat­
ment with phenylhydraaine hydrochloride (figures 4 and 5)» 
fhe observed properties of the synthesiaed lead-su^r 
coapottnds (p. 39) agreed with the properties listed by von 
I4ppaann (12). In addition, Vogel and Qeorg (22) state that 
lead-fructose compounds, dissolved in a dilate solution of 
lead acetate^ show a slight dextro-rotatory power. On the 
basis of these properties it seems possible not only to ex­
plain the loss of reducing sugars as caused by a reaction be­
tween basic lead acetate and reducing sugars during clearing, 
but also to explain the selective loss of fructose, 
fhe lead-fructose compound forated during clearing would 
reduce the levo-rotatory power of an invert sugar solution 
as observed by Gill (9) and others. When the reducing sugars 
are deteraiiaed by their reducing power, the fact that the 
lead-glucose coiapounds can be broken down by addition of a 
s^table deleading agent whereas lead-fructose compounds can 
not (von Lippjiann (12)), jaay explain the selective loss of 
fructose* 
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&3.aco8@ ms lest rapidly whoa in contact with basic l^d 
at pfi 10 (figure 3), but not at pH g (figure 2). It seefits 
possible that the loss of glucose at the higher pH is pre­
ceded by its contrersion to fructose. The initial lag in the 
glucose curre of figure 3 would then be explained as due to 
the tiae required to build up an appreciable fructose concen-
ti^tioa in the solution, and the later unifowa rates of loss 
as due to a reaction between lead and fructose in both cases* 
At a pH of 3 the conversion «as apparently so slow that the 
resulting loss of glucose was very ssall. 
38MM4S1 
1. faniiic a«14 and quereetln showed reducing power when 
added io plant extracts as representatives of aatamlls^ oceur-
riftg imparities* the added iapttrities were remoired quantita­
tively by neutral lead acetate clearing, 
2. Cleared plant extracts gave a sharper end point of titra­
tion when fiassid*s eerie sulfate method (ll) waa used for re-
dacing sugar deteraination. 
3. ^sie lead acetate caused a loss of about 40 per cent of 
fructose which had been added to an alcoholic plant extract 
before clearing, fhis loss could not be avoided by the use 
of dipotassiaa phosphate as a deleading agent, 
4» Fructose was lost slowly with increasing time in contact 
with lead acetate at pH 6, appreciably at pS 8 and rapidly at 
pH 10, 
5, Qlttcose was recovered when in contact with lead up to 24 
hoars at pH 5, pH 6 and pH 8, but lost rapidly with increasing 
time at pH 10« 
6, fhe glacose loss at pfi 10 was possibly due to a conversion 
of glttcose to fructose followed by a loss of the fructose 
f orated, 
7, A loss of reducing sa^rs, laainly of fructose, occurred 
during clearing, fhe formation of lead-sugar compounds, pro­
bably lead-fructose, appears to be the cause of the loss. 
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B, !»ead—glucose aad leadofructose compounds were synthesized 
ander conditions comparable to those of clearing. The lead-
sugar coffipotmds contained appro::£ifflatel^ 70 per cent lead, bad 
no redoolng power when tested with cuprie and ferric ions in 
alkaline solution, and formed glacosasones when treated with 
phen^lhjdraalae hydrochloride, 
9» Where entrainiaent is involved in sugar losses during clear-
ingy it seems probable that it is the lead-sagar coapoands 
rather than the pure sugars which are entrained, 
10. Keutral lead acetate should be &sed instead of basic for 
the during of plant extracts, l^rge excesses should be 
avoided and the lead should be reiaoved as fast as possible, 
Qjcalate is a satisfactory deleading agent when the Munson-
f»&lk0r ffiethod is ased, but dipot&ssium or disodiam phosphate 
should be used with the eerie suli^te jsethod. 
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